Multiphoton entanglement through a Bell multiport beam splitter 
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Multiphoton entanglement is an important resource for linear optics quantum computing. Here 
we show that a wide range of highly entangled multiphoton states, including VF-states, can be 
prepared by interfering single photons inside a Bell multiport beam splitter and using postselection. 
A successful state preparation is indicated by the collection of one photon per output port. An 
advantage of the Bell multiport beam splitter is that it redirects the photons without changing 
their inner degrees of freedom. The described setup can therefore be used to generate polarisation, 
time-bin and frequency multiphoton entanglement, even when using only a single photon source. 

PACS numbers: 03.67.Mn, 42.50.Dv 



I. INTRODUCTION 

Entanglement spurs a great deal of interest in quan- 
tum information processing [llHi quantum cryptography 
and for fundamental tests of quantum mechanics 
|. For many practical purposes, photons provide the 
most favoured qubits as they possess very long lifetimes 
and an ease in distribution. However, it is not possible 
to create a direct interaction between photons and hence 
they are difficult to entangle. One way to overcome this 
problem is to create polarisation or time-bin entangle- 
ment via photon pair creation within the same source as 
in atomic cascade and parametric down-conversion ex- 
periments. This has already been demonstrated experi- 
mentally by many groups [a, Sill- Other, still theoret- 
ical proposals employ certain features of the combined 
level structure of atom-cavity systems M, llOl lll| . pho- 
ton emission from atoms in free space Il2| or accordingly 
initialised distant single photon sources [T^ [Tjl . 

Alternatively, highly entangled multiphoton states can 
be prepared using independently generated single pho- 
tons with no entanglement in the initial state, linear op- 
tics and postselection. In general, the photons should 
enter the linear optics network such that the information 
about the origin of each photon is erased. Afterwards 
postselective measurements are performed in the output 
ports of the network [l^. Using this approach, Shih and 
Alley verified the generation of maximally entangled pho- 
ton pairs in 1988 by passing two photons simultaneously 
through a 50:50 beam splitter and detecting them in dif- 
ferent output ports of the setup 16]. For a recent exper- 
iment based on this idea using quantum dot technology, 
see Ref. [l^. 

Currently, many groups experimenting with single 
photons favour parametric down conversion because of 
the quality of the produced output states. However, these 
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experiments cannot be scaled up easily, since they do not 
provide efficient control over the arrival times of the emit- 
ted photons. It is therefore experimentally challenging 
to interfere more than two photons successfully. Interest- 
ing experiments involving four photons have nevertheless 
been performed fl8lll9l | but going to higher photon num- 
bers might require different technologies. To find alter- 
natives to parametric down conversion, a lot of effort has 
been made over the last years to develop sources for the 
generation of single photons on demand 113, lU, |23, 123 ■ 
Following these proposals, a variety of experiments has 
already been performed, demonstrating the feasibility 
and characterising the quality of these sources based on 
atom-cavity systems [24 12^ |2g , quantum dots [23 and 
NV color centres |2ll2g|. 

Motivated by these recent developments, several au- 
thors studied the creation of multiphoton entanglement 
by passing photons generated by a single photon source 
through a linear optics network [30. 31. 32 . 33 . 34. 35 . 36i |. 
A variety of setups has been considered. Zukowski et al. 
showed that the N x N Bell multiport beam splitter can 
be used to produce higher dimensional EPR correlations 
|30| . Special attention has been paid to the optimisation 
of schemes for the generation of the so-called NOON state 
with special applications in lithography [sj, yj, JS^, yJI ■ 
Wang studied the event-ready generation of maximally 
entangled photon pairs without number resolving detec- 
tors [33 and Sagi proposed a scheme for the generation 
of iV-photon polarisation entangled GHZ states [3g. It 
is possible to prepare arbitrary multiphoton states |37| 
using for example probabilistic but universal linear op- 
tics quantum gates, like the one described in Ref. [38|, 
but this approach is not always the most favourable. 

Here we are interested in the generation of highly en- 
tangled qubit states of N photons using only a single pho- 
ton source and a symmetric N x N Bell multiport beam 
splitter, which can be realised by combining single beam 
splitters into a symmetric linear optics network with TV 
input and N output ports 30, 39]. In the two-photon 
case, the described scheme simplifies to the experiment 
by Shih and Alley [ig. To entangle N photons, every 
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FIG. 1; Experimental setup for the generation of multiphoton 
entanglement by passing A'^ single photons through an N x N 
Bell multiport beam splitter. The state preparation is con- 
sidered successful under the condition of the collection of one 
photon per output. 



input port i of the Bell multiport should be entered by a 
single photon prepared in a state \Xi). The photons then 
interfere with each other before leaving the setup (see 
Fig. ^ . We consider the state preparation as successful 
under the condition of the collection of one photon per 
output port, which can be relatively easily distinguished 
from cases with at least one empty output port. 

One advantage of using a Bell multiport beam splitter 
for the generation of multiphoton entanglement is that 
it redirects the photons without changing their inner de- 
grees of freedom, like polarisation, arrival time and fre- 
quency. The described setup can therefore be used to 
generate polarisation, time-bin and frequency entangle- 
ment. Especially, tinre-bin entanglenrent can be very ro- 
bust against decoherence and has, for exam ple, applica- 
tions in long-distance fibre communication [i^]. More- 
over, the preparation of the input product state does 
not require control over the relative phases of the in- 
coming photons, since the phase factor of each photon 
contributes at most to a global phase of the combined 
state with no physical consequences. 

This paper is organised as follows. In Section^we in- 
troduce the notation for the description of photon scat- 
tering through a linear optics setup. Section IIIII shows 
that a wide range of highly entangled photon states can 
be obtained for A^ = 4, including the VF-state, the GHZ- 
state and a double singlet state. Afterwards we discuss 
the generation of W^-states for arbitrary photon numbers 
N and calculate the corresponding probabilities for a suc- 
cessful state preparation. Finally we conclude our results 
in Section [V] 



II. PHOTON SCATTERING THROUGH A 
LINEAR OPTICS SETUP 

Let us first introduce the notation for the description 
of the transition of the photons through the N x N Bell 
multiport beam spHtter. In the following, |-|-) and |— ) 
are the state of a photon with polarisation "-I-" or "— " 
respectively. Alternatively, |-|-) could describe a single 
photon with an earlier arrival time or a higher frequency 
than a photon prepared in |— ). As long as the states |±) 



are orthogonal and the incoming photons are in the same 
state with respect to all other degrees of freedom, the 
calculations presented in this paper apply throughout. 
Moreover, we assume that each input port i is entered by 
one independently generated photon prepared in jA^) = 
(Xi+\+)i + cti~\—)i, where ai± are complex coefficients 
with 



\ai+\ 



1. If 



ifi 



denotes the creation 



operator for one photon with parameter fi in input port 
i, the A^-photon input state can be written as 



N 



I0i, 



n E 



"v flip 



|0) 



(1) 



= 1 M = + :- 



with |0) being the vacuum state with no photons in the 
setup. 

Let us now introduce the unitary N x A^-multiport 
transformation operator, namely the scattering matrix 
S, that relates the input state of the system to the cor- 
responding output state 

|<^out) = ^|0i„). (2) 

Using Eq. (Q and the relation S^ S ^ I yields 



N 



n E «»M^«i^Mio> 



(3) 



i—l ^- 



In the following, the matrix elements Uji of the unitary 
transformation matrix U denote the amplitudes for the 
redirection of a photon in input i to output j. Since the 
multiport beam splitter does not contain any elements 
that change the inner degrees of freedom of the incoming 
photons, the transition matrix U does not depend on /z. 
Denoting the creation operator for a single photon with 
parameter fj, in output port j by b- therefore yields 



S flj^ S 



E^: 



nbl^ 



(4) 



Inserting this into Eq. Q we can now calculate the out- 
put state of the N x N multiport given the initial state 
(Q and obtain 



N 

n 



N 



1^ "«M^> 



|0). (5) 



This equation describes the independent redirection of 
all photons to their potential output ports. Conserva- 
tion of the norm of the state vector is guaranteed by the 
unitarity of the transition matrix U . 

The state preparation is considered successful under 
the condition of the collection of one photon per output 



port. To calculate the final state, we apply the corre- 
sponding projector to the output state © and find that 
the thereby postselected A''-photon state equals, up to 
normalisation, 



W 



pro/ 



E 



N 



<^(«)m 



|0) . (6) 



Here a are the A^! possible permutations of the N items 
{1, 2, ..., N}. Moreover, the norm of the state © 
squared, namely 



-Psuc = II |</>pr 



(7) 



is the success rate of the scheme and probability for the 
collection of one photon in each output j. 



A. The Bell multiport beam splitter 

Motivated by a great variety of applications, we are 
particularly interested in the generation of highly entan- 
gled photon states of a high symmetry, an example being 
M^-states. This suggests to consider symmetric multi- 
ports, which redirect each incoming photon with equal 
probability to all potential output ports. A special ex- 
ample for such an A^ X A^ multiport is the Bell multiport 
beam splitter. Its transformation matrix 



[/,, 



1 , ,0-i)(«-i) 



'N 



(8) 



is also known as a discrete fourier transform matrix and 
has been widely considered in the literature j^^j 1^ Hl| ■ 
Here lom denotes the A^-th root of unity. 



LdM = exp (2i7r/A^) 



(9) 



Proceeding as in Section H.D of Ref. 30j, it can easily be 
verified that U is unitary as well as symmetric. Especially 
for N = 2, the transition matrix (O describes a single 
50:50 beam splitter. 



A. Impossible output states 

Let us first look at the seemingly trivial situation, 
where every input port of the multiport beamspliter is 
entered by one photon in the same state, let us say in 
\+), so that 



\<f>u 



a\^a 



2+"3^ 



|0) 



(11) 



Using Eqs. (jHI and (|10|l . we then find that the collection 
of one photon per output port prepares the system in the 
postselected state 



E 



n ^'^(^)i ^1+ 



j=i 



|0)=0. 



(12) 



This means, that it is impossible to pass four photons in 
the same state through the considered setup with each 
of them leaving the multiport in a different output port. 
More generally speaking, the state with four photons in 
the same state does not contribute to the event of collect- 
ing one photon per output port. It is therefore impos- 
sible to prepare any superposition containing the states 

&I+&2-H^3+4+ |0) o^ b\_bl_bl_bl_ |0), respectively. The 
reason is destructive interference of certain photon states 
within the linear optics setup, which plays a crucial role 
for the generation of multiphoton entanglement via post- 
selection. 



B. The 4-photon W-state 

We now focus our attention on the case, where input 
port 1 is entered by a photon prepared in |-t-) while all 
other input ports are entered by a photon in |— ), i.e. 



\^^. 



01+4-4-4 



|0) 



(13) 



Using again Eqs. © and H10|l . we find that the collec- 
tion of one photon per output port corresponds to the 
postselected 4-photon state 



III. THE GENERATION OF 4-PHOTON STATES 

Before we discuss the A^-photon case, we investigate 
the possibility to prepare highly entangled 4-photon 
states using specially prepared photons and a 4 x 4 Bell 
multiport beam splitter. For A^ = 4, the transition ma- 
trix ((SJ becomes 



U 



(10) 

The following analysis illustrates the richness of the prob- 
lem as well as it motivates possible generalisations for the 
case of arbitrary photon numbers. 





/I 1 1 1\ 




/I 


1 


1 


1 


1 

2 


1 2 3 

i UJ4 UJ4 UJ4 

1 UjI LUJ UjI 


_ 1 

2 


' 1 
1 


i 

-1 


-1 

1 


— i 
-1 




\l ul ojI ulJ 




Ki 


— i 


-1 


i 



^pTo) 



=1 


.1=2 



|0), 



(14) 

where the <t.j are the 3! permutations that map the list 
{2, 3, 4} onto the list {1, ..., (j - 1), (j + 1), ..., 4}. If 
bout) denotes the state with one photon in |-|-) in output 
port j and one photon in |— ) everywhere else. 



Ijo 



^N- 






.5l_|0), (15) 



and (3j is a complex probability amplitude, then the out- 
put state l(n|l can be written as 



10, 



w \ 

pro/ 



4 

j=i 



Pj bout) 



(16) 



Furthermore, we introduce the reduced transition matri- 
ces C^rg^, which are obtained by deleting the first column 
and the j'-th row of the transition matrix U. Then one 



can express each /3j as the permanent |42,|43| of a matrix 



Pj = U]i Yi n '^'^j(o« = ^ji pc™ ( 



u 



0)T 



4=2 



(17) 



The output state (|16|l equals a 1/F-state, if the coefficients 
(3j are all of the same size and differ from each other at 
most by a phase factor. 

To show that this is indeed the case, we calculate the 
reduced matrices U^^^ explicitly U^ and obtain 



U, 



(1) 



red 



r(3) 



^rod ^ 2 



red 

W4 w| w| 

/ ,2 , ,4 , ,6 

1^4 (^4 (^4 

W4 W4 [^4 

1 1 1 

LJ4 LUJ Cj| 



rj(2) ^ 1 
"-^rod 2 



^rcd ~ 2 



1 1 1 



W4 m 



1 1 1 

t^4 CJ4 C^4 



Inserting this into Eq. (|14() , we find that the postselected 
state with one photon per output port equals, after nor- 
malisation 45], the FK-state 



I'^^o) 



— 1 [ 7)t Ti'f Ti'f /,t „ /,t /,t J,t /,t 

— 2 L"l+"2-"3-''4- ''l-"2+''3-''4- 



6l_6L5T+6, 



t 

3+"4- 



feI_feL&l3l+. 



|0) 



(24) 



In analogy, we conclude that an input state with one 
photon in |— ) in input port 1 and a photon in |+) in 
each of the other input ports, results in the preparation 
of the M^-state 



iZ) 



2 L"l-'^2+"3+"4+ 



h^ h^ h^ h^ 
"l+'^2-"3+"4+ 



+b\+blA-bl+-bUblAA-]\0) 



(25) 

under the condition of the collection of one photon per 
output port. Both states, (|24|l and H25|l . can be generated 
with probability 



(18) 

The coefBcients Pj differ at most by a phase factor, if the 
norm of the permanents of the transpose of these reduced 
matrices is for all j the same. To show that this is the 
case we now define the vector 



(W4,w|,w|), 



(19) 



multiply each row of the matrix U^^^ exactly (j — 1) times 
with V and obtain the new matrices 



P - 1 



16 



(26) 



Transforming them into the usual form of a M^-state with 
equal coefficients of all amplitudes 46] only requires fur- 
ther implementation of a Pauli az operation (i.e. a state 
dependent sign flip) on either the first and the third or 
the second and the fourth output photon, respectively. 



C. The 4- photon GHZ-state 



Ki) 



(1) 



r(2) 



^red ~ ^rcd ' ^rod 



j^(3) _ 1 



UJ4 bj\ UJ'l 



UJl UJl UJl 
LU4 UJ^ LO4 

1 1 1 



f;(4) _ rj{i) 



(20) 



The above described multiplication amounts physically 
to the multiplication of the photon input state with an 
overall phase factor and 



perm 



(u^T) 



perm ( U^^JJ 



(21) 



Moreover, using the cyclic symmetry of permanents [4^ 
we see that 



perm 



{U^^)=verm{u^^). (22) 

This implies together with Eq. (|17(l that the norm of the 
coefficients /3j is indeed the same for all j. Furthermore, 
using the above argument based on the multiplication of 
phase factors to the photon input state, one can show 
that 



j-i 



/^.=/3i n- 



(23) 



^fc=0 



Besides generating W-states, the proposed setup can 
also be used to prepare 4-photon GHZ-states. This re- 
quires, feeding each of the input ports 1 and 3 with one 
photon in ]-|-) while the input ports 2 and 4 should each 
be entered by a photon in ]— ) such that 



iGHZ 



) = a|+4-a3+«4- |0) 



(27) 



Calculating again the output state under the condition 
of collecting one photon per output port, we obtain 



i^H^ 



V(3)3t^CT(4)4 



a 
&I(l) + &I(2)3l(3) + 6l(4)- |0> , (28) 

where the a are the 4! permutations that map the list 
{1, 2, 3, 4} onto itself. On simplification, one finds that 
there are only two constituent states with non-zero coef- 
ficients and 10™^) becomes after normalisation 



I'^p"") = ^ [blA-blA- - b{A+bl-bl+] |0) 



(29) 



which equals the GHZ-state up to local operations. 
Transforming (|29|l into the usual form of the GHZ-state 



requires changing the state of two of the photons, for 
example, from |+) into |— ). This can be reaHsed by ap- 
plying a Pauli ax operation to the first output port as 
well as a Uy operation to the third output. 

Finally, we remark that the probability for the creation 
of the GHZ-state H3()(l is twice as high as the probability 
for the generation of a FF-state (I26|l , 



Ps, 



(30) 



Unfortunately, the experimental setup shown in Fig. ^ 
does not allow for the preparation of GHZ-states for ar- 
bitrary photon numbers A''. For a detailed description of 
polarisation entangled GHZ states using a different net- 
work of 50 : 50 and polarising beam splitters see Ref . [3g| . 



D. The 4-photon double singlet state 

For completeness, we now ask for the output of the 
proposed state preparation scheme, given that the input 
state equals 



^in) = a|^4^4-4-|0) • 



(31) 



Proceeding as above, we find that this results in the 
preparation of the state 



I'/'pro) - 2^ C^o-(l)lC^<T(2)2t^o-(3)3f^o-(4)4 
a 

tii)Ai2)Ai3)Ai,)- |0> (32) 

under the condition of the collection of one photon per 
output port. Here the permutation operators a are de- 
fined as in Section lill CI which yields 

I'^pro) - \[b\AAA- + b\AAA+ 

AA2AA+ - b\AAA-i- ] |0> • (33) 
This state can be prepared with probability 

Psuc = ^ ■ (34) 

The state (p^ is a double singlet state, i.e. a tensor prod- 
uct of two 2-photon singlet states, with a high robustness 
against decoherence [l8j. 



E. The general 4-photon case 

Finally, we consider the situation where the input state 
is of the general form iQJ. Calculating Eq. ©, we find 
that the unnormalised output state under the condition 
of one photon per output port equals in this case 



\^ 



pro/ = 3 ( 71 + 72 - 73 - 74 ) l^pro) 

+ i ( '>'8 + 710 - 77 - 79 ) \4>Z-o) 

+ 3(712+714-711-713)101^0) (35) 



with the coefficients 

71 = ai+a2+a3~a4- 
73 — ai_a2+a3+a4- 
75 = ai+a2-a3+a4- 
77 — ai+a2-a3-a4- 
79 = ai_a2-a3+a4- 
711 = cti^a2+as+a4+ 
7i3 = ai+a2+a3_a4+ 



72 = ai_a2-a3+a4-i- , 

74 = ai+a2-a3-a4+ , 

76 = ai-a2+a3_Q!4+ , 

78 = ai-a2+a3-a4- , 

710 = ai-a2-a3-a4+ , 

712 = ai+a2-a3+a4+ , 

714 = ai+a2+a3+ai- . (36) 



The form of the coefficients (|36|) reflects the full symme- 
try of the transformation of the input state. Each of the 
entangled states |0°|), |(^™^), \4>^J and l^^^) are gen- 
erated independently from the different constituent parts 
of the input (^. Besides, Eq. H35|l shows that the output 
state is constrained to be of a certain symmetry, namely 
the symmetry introduced by the symmetry of the N x N 
Bell multiport and the postselection criteria of finding 
one photon per output port. 



IV. THE GENERATION OF iV-PHOTON 

W-STATES 

Using the same arguments as in Section llHBI we now 
show that the N x N Bell multiport beam splitter can be 
used for the generation of W^-states for arbitrary photon 
numbers N. Like Bell states, FK-states are highly entan- 
gled but their entanglement is more robust |46| . More- 
over, as N increases, PF-states perform better than the 
corresponding GHZ states against noise admixture in ex- 
periments to violate local realism |47i] and are important 
for optimal cloning protocols p3 |. 

In analogy to Eq. (|13|l , we assume that the initial state 
contains one photon in |-f) in the first input port, while 
every other input port is entered by a photon prepared 
in I—) so that 



N 



I0i> 



«i+n«i-io) 



(37) 



i=2 



Using Eq. © , we find that the state of the system under 
the condition of the collection of one photon per output 
port equals 



N 



j=l (7j 



N 



n^. 



W«^<T,W- 



i=2 



|0), 



(38) 



where the aj are the (N — 1)! permutations that map 
the list {2, 3, ..., N} onto the list {1, 2, ..., (j - 1), (j + 
1), ..., N}. As expected, the output is a superposition of 
all states with one photon in |+) and all other photons 
prepared in |— ). 

To prove that Eq. H38|) describes indeed a M^-state, we 
use again the notation introduced in Eqs. H15|) and H16|) 



and write 



I0pr 



Ea 



■j Uout) 



(39) 



To show that the coefficients /3j differ from /3i at most 
by a phase factor, we express the amphtudes Pj as in 
Eq. (|17l) using the permanents of the reduced transition 
matrices and find 



N 



1^3 = Uji E n ^-.(^)' ^ ^^1 p'^™ (^-dO-)) • (40) 

<Tj 1 = 2 

Inserting the concrete form of the transition matrix [/, 
this yields 






(<T,-(i)-l)(i-l) 



(41) 



Proceeding as in Section IIIIBI we now multiply j3j with 
the phase factor 



n 



-0-1) 



-"w 



(42) 



and obtain 

Vj Pj 



N 



T^EII' 



V3(')-J)(*-1) 

■'TV 



o"j i=2 



/TV" 2^11 



UJ 



(modjv(o-j(J)-j)j(J-l) 



Af 



(43) 



cr,- i—2 



The expression mod7v(o'j(J) — j) + 1 represents a set of 
(A'' — 1)! permutations that map {2, 3, ..., N} onto the 
list {2, 3, ..., iV}. It is therefore equivalent to the permu- 
tations cri(i), which allows us to simplify Eq. H43|l even 
further and to show that 



N 



Vjf3_ 



3 l-'J 



/^^EII' 



(<Ti(i)-l)(j-l) 



(44) 



a\ i—2 



From this and the fact that l-f 2 + ... + ( A^-l) = ^N{N- 
1) we finally arrive at the relation 



/JV-l 



i-i 



/3. H n 



■"N 



.k=0 



/3i 



01 



if TV is odd , 



\ (-1)^-'^ /3i , if iV is even . ^^^'' 

This shows that the amplitudes Pj are all of the same size 
and the Bell multiport can indeed generate A^-photon W- 
states. If one wants the coefficients f3j to be exactly the 
same, one can remove unwanted minus signs in case of 
even photon numbers by applying a az operation in each 
output port with an even number j. 




FIG. 2: The success rate for the generation of A'^-photon W- 
states Psuc as a function of A'^. The solid line approximates 
the exact results via the equation Psuc = e""'^ with a = 
1.35 ± 1.32 and h = 1.27 ± 0.10 



In the case N = 2, the above described state prepara- 
tion scheme reduces to the familiar example, where two 
photons prepared in the two orthogonal states |-|-) and 
|— ) pass through a 50:50 beam splitter. The collection of 
one photon in the each output port prepares the system 
in this case in the state 4= [6|_|_62^ — fe{_&2+] |0), which 

can be transformed into 4= [b\^b'2_ +b\_bl_^_ ] |0) by per- 
forming a conditional sign flip, i.e. depending on whether 
the photon is in |-f-) or |— ), in one of the output ports. 



A. Success probabilities 



Let us finally comment on the success rate of the pro- 
posed ll^-state preparation scheme. Computing the prob- 
ability iQ can be done by finding the amplitude /3i with 
the help of Eq. (|40|l . Although the definition of the per- 
manent of a matrix resembles the definition of the deter- 
minant, there exist only few theorems that can be used to 
simplify their calculation [i^. In fact, the computation 
of the permanent is an NP-complete problem. We there- 
fore calculated Pguc numerically (see Fig. [2J|. 

As it applies to linear optics schemes in general, the 
success probability decreases unfavourably as the num- 
ber of qubits involved increases. Here the probability for 
the collection drops on average exponentially. We ob- 
serve the interesting effect of a non-monotonic decreas- 
ing success probability as A^ increases. For example, the 
probabilty of success for A^ = 13 is higher than for A^ = 9. 
Moreover, for A^ = 6 and A^ = 12, FF-state generation is 
not permitted due to destructive interference. This does 
not apply to A^ = 18 which is also a multiple of 6. 



V. CONCLUSIONS 

We analysed the generation of multiphoton entangle- 
ment with the help of interference and postselection in a 
linear optics network consisting of an TV x A'' Bell multi- 
port beam splitter. Each input port should be entered by 
a single photon prepared in a certain state |Aj). As long 
as the photons are the same with respect to all other de- 
grees of freedom and it can be guaranteed that photons 
prepared in the same state overlap within their coher- 
ence time inside the linear optics network, the described 
scheme can be implemented using only a single photon 
source [H HI HI [H HI i^ . We beheve that the de- 
scribed approach allows to entangle much higher photon 
numbers than what can be achieved in parametric down 
conversion experiments. 

An, in general, highly entangled output state is ob- 
tained under the condition of the collection of one pho- 
ton per output port. The motivation for this postselec- 
tion criteria is that distinguishing this state from other 
output states does not require photon number resolving 
detectors. Moreover, the photons can easily be processed 
further and provide a resource for linear optics quantum 
computing and quantum cryptographic protocols. 

First we analysed the case N — 4 and showed that 
the 4x4 Bell multiport allows for the creation of a va- 
riety of highly-symmetric entangled states including the 
FF-state, the GHZ-state and double singlet states. It was 
found that some states are easier to prepare than others. 



A straightforward generalisation of the 4-photon case, 
yields a scheme for the creation of TV-photon FK-states. 
We calculated the rates for successful state preparations 
and showed that they decrease in a non-monotonic fash- 
ion and on average exponentially with N . 

The motivation for considering a Bell multiport beam 
splitter was that it only redirects the photons without 
affecting their inner degrees of freedom. The proposed 
setup can therefore be used to produce polarisation, time- 
bin and frequency entanglement, respectively. To gener- 
ate, for example, polarisation entangled photons, the ini- 
tial photon states may differ in polarisation but should 
otherwise be exactly the same. The high symmetry of 
the Bell multiport beam splitter allows for the genera- 
tion of a variety of highly entangled symmetric states. 
To verify the generation of a certain type of entangle- 
ment one could, for example, use local measurements as 
it has recently been proposed by Toth and Giihne p9| . 
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